The hematologic, biochemical, and light and scanning electron microscopic features of eperythrozoonosis in four llamas are described. One female and three male yearling llamas were presented for evaluation of chronic weight loss. Three of four llamas had historical evidence of chronic inflammatory conditions. On examination, multiple clinical problems were apparent, including poorly to non-regenerative anemia, inflammatory disease, and hypoproteinemia. Coccoid-and ring-shaped basophilic organisms were present on the erythrocytes of all the llamas. On scanning electron microscopy, individual, pairs, and clusters of coccoid-shaped organisms were present on the erythrocytes. The organisms measured 0.4 to 0.6 micron in diameter and caused no marked deformation of the erythrocyte membrane. A rare organism could be found that produced a slight indentation into the erythrocyte membrane. The light and scanning electron microscopic morphologic features suggested that the organism was an Eperythrozoon. Serial evaluation of serum iron concentrations of the llamas showed a decrease serum iron in all animals, with a concurrent decrease in the total iron binding capacity and percent transfenin saturation in two of the llamas. Common abnormalities seen on serum electrophoresis included a decrease in albumin and beta serum fraction in all llamas and a decrease in the gamma globulin fraction of two individuals.
it may cause mildlo to no anemia12 in splenectomized calves. In contrast, in pigs, Eperythrozoon suis can cause severe anemia and i~t e r u s ,~J~ and similar abnormalities can be induced in splenectomized pigs. l6 This report describes the clinical, hematologic, biochemical, and light and scanning electron microscopic features of eperythrozoonosis in four naturally infected llamas.
Materials and Methods
Four llamas were presented to the Veterinary Teaching Hospital at Colorado State University for clinical evaluation of miscellaneous problems. Llamas were selected for inclusion in this report based on finding Eperythrozoon parasitemia on hematologic examination. Pertinent clinical, hematologic, and biochemical abnormalities were summarized from the animal's medical records. Reference ranges used to evaluate these abnormalities were determined in Clinical Pathology Laboratory at Colorado State University by analyses of blood collected from 34 normal adult llamas.
Blood was collected in ethylenediaminetetraacetate (EDTA) for hematologic analyses. Wright Giemsa-stained blood films were used to perform a differential nucleated cell count, as well as to describe any morphologic abnormalities in the red cells, white cells, and platelets. Brilliant cresyl blue-stained blood films were used for numeration of reticulocytes. Hemoglobin concentrations and total nucleated cell counts were determined using a Coulter Counter S Plus IV Analyzer (Coulter Electronics Inc., Hileah, FL). Due to the small size of the llama red blood cells, a Coulter ZM single channel cell counter (Coulter Electronics Inc., Hileah, FL) with the threshold set on 5 femtoliters was used to measure erythrocyte concentration. Packed cell volume analyses were performed by a 3-minute centrifugation of microhematocrit tubes. Mean cell volume and mean corpuscular hemoglobin concentration were calculated using standard formulas. Blood collected into tubes containing EDTA was fixed in glutaraldehyde and prepared by standard techniques for examination by scanning electron microscopy. l 9 Serum iron and total iron binding capacity was determined by potentiometry using a Ferrochem I1 Analyzer (Environmental Sciences Associates, Inc., Bedford, MA). Percent transfenin saturation was calculated by dividing serum iron Tables 2 and 3 indicate the number of days before or after the first observation ofEperythrozoon that the sample was collected and analyzed. Day 1 was the first day the organism was observed. Necropsy of llama Nos. 1, 3, and 4 included a complete gross examination and collection of tissues. These tissues were then fixed in 10% neutral buffered formalin, embedded in paraffin, cut into 5 pm sections, and stained with hematoxylin and eosin. The sections were then examined by light microscopy.
Results
Four llamas (two 1 1 -month-old males, a 1 O-monthold female, and a yearling male) were presented with histories of poor weight gain. Other significant historical findings included the presence of chronic inflammatory conditions in llama Nos. 1 , 3 , and 4 and chronic diarrhea in llama No. 1. On physical examination, all llamas had very poor body condition, and two of the llamas had signs of active inflammation of the respiratory tract. In addition, llama Nos. 2, 3, and 4
had occult blood and/or parasitic ova present in their feces.
The hemograms from the first day of hospitalization are shown ( Table 1 ). All llamas were anemic with nucleated red blood cells and reticulocytes present. In llama Nos. 2, 3, and 4 the absolute numbers of reticulocytes were not greater than the reference range for normal animals. The percentage of reticulocytes was increased in Llama No. 1, but the absolute numbers were not determined. Three of the four llamas had many coccoid-and ring-shaped basophilic organisms present individually, in pairs, or in clusters on the majority of the red blood cells ( Fig. 1 ). Similar organisms were seen free in the background of the blood films. When located at the periphery of the cell, these organisms appeared rod-shaped. Llama No. 2 also had organisms present, but only small numbers of organisms were found on a few of the red blood cells.
Scanning electron microscopy showed individual, pairs, and clusters of coccoid-shaped organisms present on erythrocytes (Fig. 2) . These organisms measured 0.4 to 0.6 micron in diameter. The majority of the organisms caused no apparent deformation of the red blood cell membrane at the site of attachment ( Fig. 3) . A rare organism could be found that appeared to produce a slight indentation of the red blood cell membrane. The light and electron microscopic morphologic features of these organisms were compatible with the described characteristics of Eperythrozoon in other species. There were various abnormalities in the llama's leukograms on day 1 of hospitalization (Table 1 ). These included neutropenia in llama Nos. 3 and 4, a mild left shift to bands, and a monocytosis in llama Nos. 1 and 3. Blood cultures performed on two of the llamas were negative, but a non-hemolytic streptococcus was isolated from llama No. 1, and a Streptococcus rnitis from llama No. 3. There was also evidence of pneumonia on radiographs of the thorax of llama No. 3. In addition, the tracheal wash from this llama was characterized by suppurative inflammation and a non-hemolytic streptococcus was isolated by culture.
During hospitalization, llama No. 1 had a 11 pgldl serum iron, with a total iron binding capacity of 199 pgldl and a percent transferrin saturation of 6%. Reference ranges for llama serum iron, total iron binding capacity, and percent transfemn saturation in our laboratory were 70-148 pgldl, 230-370 pgldl, and 22-50°/o, respectively. Despite previous iron supplementation, llama No. 2 had a serum iron of 32 pgldl, with a total iron binding capacity of 308 pgldl, and a percent transferrin saturation of 10%. At presentation, llama No. 3 had a serum iron of 65 pgldl, with a total iron binding capacity of 366 pgldl, and a percent transfenin saturation of 18%. During hospitalization, the serum iron decreased to 12 pgldl, the total iron binding capacity was 263 pgldl, and the percent saturation was 5%. During the initial evaluation of llama No. 4, values for serum iron, total iron binding capacity, and percent transferrin saturation were normal. Three months after the initial diagnosis of eperythrozoonosis, the serum iron decreased to 32 pgldl, the total iron binding capacity was 159 pgldl, and the percent transferrin saturation was 20%.
All of the llamas were hypoproteinemic and hypoalbuminemic ( Table 2 ). In addition, llama Nos. 2, 3, and 4 had decreased globulins. Electrophoresis done on the serum of all llamas confirmed the hypoalbuminemia ( Table 3 ). There was also a decrease in the beta fraction in all the animals tested. In addition, (Table' 2) common to the majority of the llamas included a decrease in serum creatinine as well as a decrease in one or more of the serum electrolytes. Despite treatment with antibiotics, vitamins, and iron supplement, llama No. 1 continued to do poorly and subsequently was euthanatized. Abnormal postmortem findings included severe cachexia with serous atrophy of fat, eosinophilic enteritis with villous atrophy in the small intestines, and microgranulomatous, eosinophilic lymphadenitis in some of the mesenteric lymph nodes. No organisms were isolated by routine bacterial culture of samples taken from the most severely affected lymph node. Llama No. 2 was discharged, and although it still had a poor appetite, 
Discussion
Eperythrozoonosis has not been reported previously in llamas. The appearance of coccoid-and ring-shaped organisms on erythrocytes in blood films of four llamas was compatible with that of Eperythrozoon. Other organisms of the family AnapZasmataceae that have somewhat similar morphology are the Haemobartonella. Differentiation of Eperythrozoon versus Haemobartonella is somewhat arbitrary, but hemobartonella do not usually occur as ring forms and are not present free in the plasma, while eperythrozoa do occur as ring forms and can be found free in the plasma.18
Differentiation of the species of Eperythrozoon is difficult and is based on the species of animal in which the organism is found as well as morphologic characteristics. It is not clear if the organism present in these llamas is a previously recognized species of Eperythrozoon or is a new species. The size and shape of the organisms in the llamas are similar to Eperythrozoon wenyoni. l o No experimental transmission studies of Eperythrozoon wenyoni in llamas have been done, but limited studies have shown that Eperythrozoon wenyoni is not transmissible to other species, including goats or deer.I0
Scanning electron microscopy showed a predominance of the coccoid-shaped organisms present individually, in pairs, and in clusters on erythrocytes. It was not clear why the ring-shaped organisms were not detectable in the scanning electron microscopy preparations. One possible explanation was that by light microscopy, the parasite appeared in ring form due to differential staining of the parasite. 8 The ring forms may also may be an artifact of drying during blood film preparation, since it has been shown that in wet mount blood preparations of Eperythrozoon wenyoni or Eperythrozoon ovis ring forms do not exist.1° Although there were a few organisms that were present in slight depressions on the red blood cell membrane, the majority of the organisms did not cause marked deformation of the red blood cell membrane. Similar findings with Eperythrozoon wenyoni have been previously reported.* In contrast, in some studies, Eperythrozoon suis19 and Eperythrozoon ovi9 have been shown to cause marked deformation of the erythrocyte membrane. Unique intrinsic properties of the llama's red blood cell membrane may contribute to the lack of Eperythrozoon-induced erythrocyte membrane alterations. It has been shown that in comparison to human red blood cells, llama red blood cells have higher levels of band 3 protein, and this may be responsible for their marked resistance to metabolic depletion, hyperosmotic buffers, or lysophosphatidylcholine-induced shape change^.^ In addition, in contrast to most mammalian red blood cells, llama red blood cells do not deform when fluid shear stress is a~p1ied.l~ In summary, the electron microscopic features further support that this organism is an Eperythrozoon, but the species can not be conclusively determined. Antigenic characterization and animal transmission studies should be performed to accurately classify the species of the Eperythrozoon present in these llamas.
Experimentally induced eperythrozoonosis in sheep3sL0 and pigs16 is often characterized as a regenerative anemia. In addition, in pigs, the hemolytic anemia is often acute and severe enough to cause clinical icterus.I9 None of the llamas were icteric or had an increase in bilirubin. Although at times there appeared to be attempts at regeneration, the anemia is best characterized as non-regenerative. This is supported by the fact the packed cell volume in all the llamas, except Since the serum iron in llama Nos. 1 and 4 were much lower than is normally expected in anemia of chronic inflammatory disease, there may also have been concurrent iron deficiency present.I3 The decreased serum iron and normal total iron binding capacity in llama Nos. 2 and 3 further supported iron deficiency as potentially contributing to the anemia in these animals. None of these animals had a low mean cell volume during the time of observation, although iron deficiency needs to be present for a extended period of time before normal red blood cells are replaced by a microcytic population. Other possible causes of the reduced serum iron in these llamas must be considered, including an acute phase inflammatory reaction.I4 Serum ferritin levels may be useful in differentiating the cause of the decreased serum iron in these animals.
As mentioned previously, sheep with eperythrozoonosis may have a regenerative anemia,3Jo although there have been other reports of the association of eperythrozoonosis in sheep and a non-regenerative anemia.'^^ It is likely that other infective agents were present in sheep with non-regenerative anemia and therefore Eperythrozoon may not have been the primary pathogen, but rather a secondary opportunistic pathogen. In the llamas with eperythrozoonosis, they had non-regenerative anemia similar to the e~perimentally',~ and naturally' Eperythrozoon ovisinfected sheep. The llamas also had multiple problems, including inflammatory disease, poor body condition, and hypoproteinemia that are not directly associated with eperythrozoonosis in other species; therefore, it seems likely that Eperythrozoon was a secondary opportunistic pathogen in these llamas.
In addition to the anemia and inflammatory conditions, these animals had multiple biochemical abnormalities. This included a decrease in serum creatinine, presumably due to decreased muscle mass associated with the poor body condition. One of the llamas had severe hypoglycemia that may have been associated with the septicemia. The electrolyte abnormalities in 3/4 llamas may have been due to combined gastrointestinal loss and inadequate intake. None of these animals had severe diarrhea. All of the llamas also had low total proteins due to hypoalbuminemia and hypoglobulinemia. The exact cause of the low total protein in these animals is not known, but gastrointestinal protein loss may be partially responsible.
Serum electrophoresis in four of the llamas confirmed the hypoalbuminemia and showed a decrease in the beta protein fraction. Llama Nos. 2 and 4 also had a decrease in the gamma globulin fraction. In other species, serum proteins that may migrate in the beta region include complement, hemopexin, transferrin, ferritin, C reactive protein, IgM and It is not clear what proteins migrate in the beta region in the llama, and, at this time, immunoelectrophoresis or radial immunodiffusion is not readily available. It is clear that these animals had an inappropriate globulin response to inflammation.
In summary, these animals had multiple problems, including poor body condition, hypoproteinemia, inflammatory disease, non-regenerative anemia and eperythrozoonosis. Similar problems have been seen in young llamas that are given a clinical diagnosis of "failure to thrive syndrome." The etiology of this disorder is unknown. Experimentally-induced eperythrozoonosis in llamas is needed to accurately identify the abnormalities that are directly associated with Eperythrozoon.
